CP,2 is characterized by motor incoordination, primarily in the lower extremities, that impairs many functional abilities, most notably ambulation. 3 The ability to walk is a major concern of the parents of children with CP, and improving or maintaining this ability is often considered to be the primary focus of most therapeutic interventions addressing the motor problems seen in children with spastic diplegia. 4 Although the majority of children with spastic diplegia are eventually able to a m b~l a t e ,~ the acquisition of this skill is delayed and differs qualitatively from normal pediatric gait. 5 Abnormal gait patterns in spastic diplegia are common. The lesions associated with spastic diplegia may produce any or all of the following symptoms: (1) increased muscle tone, or a velocitydependent resistance to passive muscle stretch, in synergistic muscle groups; (2) a loss of selective muscle control; (3) deficient equilibrium reactions; and (4) relative imbalance of muscle forces across the joints in the lower extremities.' Our study focuses on the symptom of muscle imbalance, which implies that the normal physiological relationship of muscle groups acting across a joint is altered, thereby affecting normal function at that joint.
Absolute muscle strength of antagonistic muscle groups is rarely equal because opposing muscles have ddferent task requirements and are usually anatomically quite distinct. 6 Relative strength of antagonists acting across a given joint and total passive muscle excursion, however, are fairly consistent in normal joints,6 and weakness, decreased excursion, or inappropriate muscle activity can distort this relationship. Evidence of imbalanced muscle function in spastic diplegic gait includes exaggerated hip flexion, adduction, and medial (internal) rotation in stance; excessive knee flexion or "crouch during stance; and increased ankle equinus.' Overactivity of the hamstring muscles is a basic finding in the electromyographic (EMG) patterns during gait in chlldren with spastic diplegia,7 and these muscles' antagonistic action to the hip flexors and the knee extensors results in reduced sagittal-plane motion at the knee and hip.l Without intervention, and often despite intervention, muscle imbalance in the lower extremities is thought to become more pronounced over time. This is hypothesized to cause further weakness, muscle atrophy, joint contractures, and eventual joint deformity.
A treatment commonly used to minimize the functional effects of knee joint contractures is a surgical lengthening of the distal hamstring tendon that, in effect, shifts the range of joint excursion to a more extended position at the knee.8 Lengthening a musculotendinous unit, however, is thought to weaken the more dominant muscle,9 which could prove problematic in children who are already weak. 10 We examined the effects of an additive approach to altering the balance of muscle forces at the knee by strengthening the quadriceps femoris muscles through resistance exercise. This is in contrast to a subtractive approach where there is weakening of the hamstring muscles through surgery.
Weakness and muscle imbalance have been identified in children with CP,ll-'3 but these findings have not been quantified precisely and the etiologies of weakness and imbalance are still poorly understood. Berger and colleagues14 presented descriptive EMG evidence of reduced force output in lower-extremity muscles during gait in children with CP that could not be accounted for merely by the children's slower speed of walking. These results should be interpreted cautiously, however, because differences in the magnitude of EMG signals across muscles w i t h subjects or in the same muscle across subjects are not indicative of differences in force output. '5 Inadequate power production in the affected lower extremity of children with hemiplegia, particularly in the ankle plantar-flexor and knee extensor muscles, has been reported by Olney and colleagues.1° Perhaps the most compelling clinical evidence of weakness in spastic CP is the short-term postoperative outcome of children who underwent selective dorsal rhizotomies.12J6 Reduction of "spasticity" did not restore normal motor control, but instead uncovered profound weakness.12 Physiological evidence of weakness in CP also exists in that selective muscle fiber atrophy has been reported in children with spastic CP. l7 Bobath18 proposed that hyperactivity of antagonistic muscles produces prolonged inhibition of the agonists during active movements, eventually producing weakness in those muscles. Although restraint by overactive antagonists can be present, diminished force output can still occur in its absence,l9 and support exists for a primary rather than a secondary dysfunction in the agonisL20 The CNS lesion is static in CP, but clinical manifestations are not, and soft tissue contractures typically worsen over time. Arnbulation becomes increasingly difficult, as indicated by increased energy costs, in children with primary muscle weakness as their growth outpaces their muscle strength." A similar deterioration in gait with increasing age in persons with CP21 suggests that they are similarly weak. 22 Strengthening exercises have been routinely used in persons with orthopedic problems and athletes to increase force production or minimize muscle imbalance; however, such exercises have not been advocated for persons with CP despite identification of muscle weakness and restricted force production in this population.1232+25 Contemporary motor control research seeks to examine movement on several different levels with the assumption that many Merent subsystems, of whlch neurophysiology is only one aspect, contribute to the development of motor control.*3 Gordon26 suggests that physical therapists have concentrated too long on the reduction of positive symptoms in CNS disorders such as spasticity, while virtually ignoring the negative symp toms of weakness and loss of function.
Increasing dissatisfaction with current therapeutic approaches, both clinically and theoretically, has stimulated reevaluation of the premise that strengthening of muscles shown to be weak is not appropriate in adults and children with CNS pathology.23~~7~~8 After reviewing the scientific literature, Guiliani12 uncovered no evidence that strengthening exercises are detrimental in this population, and the literature indicated that these exercises may be beneficial. '3.29 Although the number of studies is very limited, strength has been shown to increase in CP through resistance exercise pr0grams.~*~3~.3~ Healy3O comPhysical Therapy / Volume 75, Number pared isometric and isotonic exercise regimens in five boys with spastic diplegia, with each child performing a different type of resistive exercise on each leg. Comparable improvements were noted in strength and range of motion for both types of exercise. McCubbin and Shasby3l examined the rate of torque development and the speed of movement of elbow extension in adolescents with CP who had participated in a 6-week program of isokinetic training versus a program of repetitive exercise in which subjects performed the same type and amount of motion but without resistance. The authors found improvements in torque production and speed only in the isokinetic training group. They further noted that the effects of isokinetic training on neuromuscular performance of children with CP were similar to those found in children without CP. H o r~a t~~ compared free weights and isokinetic training of equivalent intensity in an individual with CP and found that each method produced similar torque gains that were greater than those found in persons without CP and similar to those seen in deconditioned persons or those with primary muscle weakness.
In summary, muscle weakness and imbalance are frequent clinical findings in children with spastic diplegia. Not only have children with CP been found to be weak, but reduced strength of the knee extensors has been shown to be related to diminished functional capacity in adolescents with CP, as evidenced by lower scores on the Gross Motor Function Measure and increased energy expenditure during gait in the weaker childrex1.~5 Furthermore, it is possible to increase muscle strength in these children through traditional strength training programs. A causal link between resistance training and improved gross motor function, however, has not previously been established and was addressed by our study.
More specifically, the contribution of quadriceps femoris muscle weakness to the degree of crouch during gait has not been well documented and remains unres0lved.3~ Sutherland and Cooper33 propose that the two principles of treatment to overcome crouch gait are to reduce the knee flexion contracture and to restore quadriceps femoris muscle strength. The central hypothesis in our study was that a quadriceps femoris muscle strength training program in the absence of knee flexion contractures would produce improvements in gait performance by reducing the degree of knee crouch during stance.
Method

Subjects
The participants in this study were 14 children with spastic diplegia, 10 boys and 4 girls, ranging in age from 6 to 14 years (x=9.1, SD=2.5). Two of the children required a posterior walker to ambulate, and 1 child used bilateral quad canes. The rest of the children were independent ambulators. Letters describing the study were mailed to the families of all children followed at the Kluge Children's Rehabilitation Center (Charlottesville, Va) at the time of the study, and interested families then contacted the Motion Analysis Laboratory to receive further information or volunteer for participation. Volunteers were then screened for the existence of crouch gait as verified on the pretraining gait analysis, and any child who demonstrated less than 10 degrees of knee flexion at initial floor contact was excluded from the study. Any child without full passive knee extension in a supine position was also excluded from the study. Previous lower-extremity surgery, such as prior hamstring muscle lengthening, did not preclude participation, nor did the existence of static hip or ankle deformities. In Table 1 , each participant is listed and described by age, gender, need for assistive devices, and prior surgical history.
'Chatillon, 7609 Business Park Dr, Greensboro,
The initial assessment consisted of isometric strength testing and gait analysis. Stmgth is classically defined as the ability to produce isometric force,3* and a hand-held dynamometef was used to quantlfy force in the quadriceps femoris and hamstring muscle groups bilaterally. Subjects were seated in a straight-backed chair with arnuests, which they were encouraged to use to maximize stability. For the isometric strength tests of the quadriceps femoris muscles, the knee was positioned at 90, 60, and 30 degrees of knee flexion. These positions were chosen so that force could be assessed at d8erent muscle lengths. The 90-degree position was needed for comparison with similar studies that used this as the test position for quadriceps femoris muscle force measurements. The 60degree position was chosen because it is thought to be the position in which there is an optimal length-tension relationship for generating force in the quadriceps femoris muscles. 35 We used the 30-degree position to yield a force value nearer to full knee extension, which could hypothetically affect or be affected by persistent knee crouch. Full extension force was not tested because of the possible confounding factor of mechanical locking of the knee, which could distort the contribution of muscle strength at that position.
An electrogoniometer was taped to the lateral aspect of the leg prior to these measurements to venfy and maintain the angle position during the force testing. Hand-held dynamometers, when used correctly, have documented reliability in children% and in persons with neuromotor deficits." Stabilization of the child, the supporting surface, and the examiner is necessary to ensure that no motion of the lower limb occurs during the testing so that force values can be accurate and consistent. A single physical therapist familiar with the device took all force measurements. The maximal voluntary contraction (MVC) was measured at each position, with two trials administered and the larger of the two
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Physical Therapy / Volume 75, Number 8 /August 1995 - measurements recorded. Instructions regarding the testing procedure and strong verbal encouragement during the trials were used to produce maximal effort, and in the rare instances when children did not appear to comprehend or comply as evidenced by lack of increased physical effort in the trunk or upper extremities during the maximal effort, these instructions were repeated and the trials were readministered. During the 6-week training program, quadriceps femoris muscle force was assessed weekly at 90 degrees only, except for the midpoint of the training when the quadriceps femoris muscle force was also measured at 30 and 60 degrees of flexion. A potential adverse effect of weight training in persons with spasticity is the strengthening of antagonistic muscle through co-contraction; therefore, hamstring muscle force was measured before and after the training program in the supported sitting position as described for testing with the knee flexed to 90 degrees.
Kinematic or joint-angle displacement data were captured at 60 Hz using a three-dimensional ExpertVisionTM system provided by the Motion Analysis Corporation (Santa Rosa, ~a l i f ) .~ A set of 15 retroreflective body surface markers were taped over the sacrum and symmetrically on both lower extremities, including the anterior superior iliac spines, knee joint tenters, lateral malleoli, between the second and third metatarsal heads, and the heels. Nonlinear "outrigger" markers were attached to the lateral aspect of the thighs and calves with ~elcro& bands. The system consisted of four NEC CCD camerasP located in the four comers of the Motion Analysis Laboratory in order to capture the trajectories of the body surface markers in the sagittal, transverse, and coronal planes. Once markers were ' placed, each child walked barefoot along a carpet strip in the center of the room. Data were collected for 5 seconds per trial at 60 samples per second. Each child completed three trials at a freely selected speed and three trials at a fast speed (the child was instructed to "walk as fast as possible without running"). The trajectories of the hip, knee, and ankle were digitized with a video image processor (~~3 2 0 ) , + and a Sun Microsystems 3/110 ~orkstationll was utilized as the central controller for data procurement and processing. For each 5-second trial collected, a single gait cycle consisting of two consecutive foot stnkes for each leg was extracted for analysis.
The kmematic or joint-angle displacement data were then transferred to three-dimensional coordinates using the ExpertVisionTM software. After the data were in the proper format, Orthotrak softwaret was used to calculate joint angles and produce printouts of joint motion at the pelvis and the right and left hip, knee, and ankle across a representative gait cycle. The pattern of motion of a specific joint at each point in the gait cycle as well as the total excursion of a joint during an entire cycle can be determined from these printouts. Temporal and spatial information was also calculated for a specified gait cycle, including gait speed, stride length, and cadence.
Strength Training Pmtocol
Each subject participated in a 6-week, bilateral, progressive resistance quadriceps femoris muscle strengthening program at a frequency of three times per week. For the training, each subject was seated in a straight-backed chair with the hip in at least 90 degrees of flexion, the knee joint just anterior to the front edge of the chair with a small cloth roll under the knee to position it in 90 degrees of flexion, and the foot hanging free above the supporting surface. Velcro@-attached ankle weights were used in the program. To determine the maximum weight that a child could lift through his or her full passive range of motion without fatiguing, an approximation was first obtained by measuring the Physical Therapy / Volume 75, Number 8 /August 1995 MVC of the quadriceps femoris muscle at 90 degrees of knee flexion with a hand-held dynamometer and then doubling this value. This measure was based on the finding that isometric force typically underestimates maximum isotonic strength by half, as determined by one-repetition maximum effort.% The child then attempted to lift a weight of 65% of this load, and if the child could successfully lift this amount of weight throughout the full active range of motion, that became the training weight for the week. The MVC was reassessed weekly for each subject, and the training weight was adjusted proportionally with gains in force production.
Each child performed quadriceps femoris muscle strengthening exercises 3 days per week with at least 1 day of rest between sessions. Prior to beginning a weight training session, each child first performed a 5-minute warm-up consisting of lower-extremity stretching exercises followed by a brief walk around the room if that child had been sitting for more than 15 minutes immediately prior to the exercise session. Once properly positioned, the weights were attached, and the child fully extended one knee at a time while lifting 65% of the onerepetition maximum as determined for that leg. The child was instructed to slowly lower the leg back to the starting position so that the quadriceps femoris muscles performed concentric and eccentric muscle activity. The child performed four sets of five repetitions per set, resting a minute between sets, with the weighted leg fully supported during rest periods. The child then repeated the same procedure for the opposite leg. The traiping continued for 6 consecutive weeks. The strength training protocol utilized in this project was a progressive resistance program in which the percentage of maximum was fixed throughout the study, but the actual weight lifted increased proportionately with gains in isometric strength. The proto- Each subject was evaluated weekly by the physical therapist, at the Motion Analysis Laboratoly, at the child's home, or at school as decided by the parents to measure the MVC of the quadriceps femoris muscle group using the hand-held dynamometer, to readjust the one-repetition maximum, and to monitor the training program.
All subjects, assisted by their families, kept a log of each of the exercise sessions, including the amount of weight lifted per leg, the number of sets and repetitions completed, and any additional subjective comments. The children were instructed to alternate the starting leg each session.
All 14 children who agreed to participate in the program completed the entire 6-week program. Twelve of the subjects completed all 18 exercise sessions, and 2 children missed 1 session. Six of the 18 exercise sessions for each child were conducted by the same physical therapist, and the rest were supervised by family members or school therapists. As instructed, none of the children altered their normal physical activities during participation in the program. Seven of the children were enrolled in weekly or bimonthly physical therapy before and during the program, and their strength results did not differ significantly from those of the children who were not currently receiving physical therapy services. None of the children who were receiving physical therapy performed any type of resistance exercise in their regular therapy sessions.
- 
Data Analysis
A factorial repeated-measures analysis of variance (ANOVA) procedure was used to determine the effect of a strengthening program on increasing quadriceps femoris muscle force, as measured at three ditferent angles of knee flexion at three assessment times. The statistical package used for all analyses was the SPSS/PC+# for IBMcompatible computers. This software package uses a multivariate analysis of variance (MANOVA) program for this type of analysis, as shown in Table 2 . Multiple repeated-measures ANOVA and MANOVA procedures were also used to compare statistically the mean changes in hamstring muscle force; time and distance variables such as speed, stride length, and cadence; and kinematic data, including knee angle at floor contact and mid-stance and total hip and knee excursion as a result of the weight training program (PC .05). Follow-up Scheffi. F tests were performed when indicated to identify which variables showed significant differences.
Means and standard deviations for quadriceps femoris and hamstring muscle force for each participant are presented in Table 3 . Statistical analyPhysical Therapy / Volume 75, Number 8 / August 1995 Table 2 . The interaction effect of angles X times was not sigmficant for either leg, indicating that the pattern of change in force was similar across the different angles of knee flexion that were tested. No changes were found in the hamstring muscle force measurements over the intervention period for the right and left legs. Follow-up univariate F tests were performed to determine more specifically where force changes occurred (Tab. 4).
In summary, force gains in the right and left quadriceps femoris muscles were achieved as a result of the 6-week strength training program at all three angles of knee flexion. Except for the pretraining to posnraining comparison of the 90degree measurements on the left, an increase in quadriceps femoris muscle force was found at the completion of the 6-week program. At all three angles, gains were more pronounced in the first 3 weeks Crouch gait is manifested by increased knee flexion at initial floor contact, with maintenance of a flexed knee posture throughout the stance phase of gait. To determine whether the degree of crouch improved to a more extended position after the training program, the amount of flexion at floor contact and the maximum value of knee extension attained during stance were obtained for each subject across the two walking speeds at the preassessment and postassessment periods (Tab. 5).
The mean knee flexion at floor contact was 32 degrees at the free speed and 34 degrees at the fast speed prior to the strength training. After the strength training program, 10 of the 14 children had less knee flexion at floor contact at the free speed, with a mean Physical Therapy / Volume 75, Number 8 1 August 1995 decrease of more than 5 degrees (Tab. 6).
The mean maximum amount of knee extension achieved during mid-stance prior to strengthening was 13 degrees of flexion at the free speed and 14 degrees of flexion at the fast speed and decreased to 11 and 12 degrees, respectively, after the training program, neither of which was statistically sigxuficant. Although no mean change was found, the individual responses to this variable produced some interesting results. The 4 children who demonstrated no reduction in the degree of crouch at initial floor contact at the free speed also showed no improvement in maximum extension in midstance. Of the remaining 10 subjects with improved crouch at initial contact, 7 showed improved knee extension in stance with a mean reduction of 9 degrees of knee flexion, and 2
showed essentially no change. One undesirable result for 5 of the 10 children was the development of mild knee hyperextension or the exaggeration of an already hyperextended knee position during the mid-stance. Three of the 5 children developed hyperextension of less than 3 degrees. Only 1 of the 5 children had undergone a prior hamstring muscle lengthening, and her degree of recurvatum after the training was the most severe. Four of the 5 children who subsequently developed recurvatum lacked 10 degrees or less of knee extension at midstance prior to the strengthening program, although the initial degree of crouch at floor contact was greater than 10 degrees in those 5 subjects.
Considering the 2 children who had the greatest improvements in crouch at initial contact, 1 child had less than 5 degrees of knee flexion at midstance initially and remained in the normal range after the program. The other child shifted the entire knee sagittal-plane curve toward greater extension, with an equivalent reduction in flexion at both floor contact and mid-stance.
Total hip and knee excursion in the sagittal plane throughout the gait cycle was also measured before and after the program, and the means and standard deviations are listed in Table 5 .
- Even though slight increases in the amount of excursion were found across speeds and assessment times, these changes were not statistically significant. Speed, stride length, and cadence measurements obtained in each trial were averaged to produce a single value per subject for each variable at free and fast speeds, respectively (Tab. 5). Multiple repeatedmeasures ANOVA procedures performed on the time and distance variables across speeds indicate that the changes in speed and cadence within each of the speeds were not significant. Mean stride length increased by 8 cm in the free-speed condition and by 14 cm in the fastspeed condition (Tab. 7).
Discussion
The purpose of this study was to explore the use of muscle strengthening as a potential therapeutic option for children with spastic CP. The results of this study vedy that children with CP were able to increase isolated muscle strength through a resistance training
program. AU of the children who participated in the study had consistent and proportionately large increases in quadriceps femoris muscle force production without a concurrent increase in hamstring muscle force production. As mentioned earlier, one of the supposed contraindications for the use of strength training in children with CNS involvement is that it increases the recruitment of other muscles that are already overactive and could inadvertently strengthen those muscles at the same time. The lack of an increase in hamstring muscle force in this group of children with spastic diplegia after heavy resistance training provides evidence negating thls assumption.
This research reconfirms the finding that children with CP have the capacity to increase force production of their quadriceps femoris muscles with an exercise program of relatively short duration. The magnitude of the force increases is greater than that normally expected for children without CP, and these force increases are consistent with those described for children with primary muscle weakness.36 There was improved knee extension at initial floor contact when walking at a selfselected free speed for 10 of the 14 children studied. Maximum extension during stance did not change, although the finding that nearly all of the children with decreased crouch at floor contact also had greater extension in mid-stance suggests a possible effect. Two of the children in this study, subjects 2 and 5, shifted from a forefoot strike to a true heel-stnke after the strengthening program, and their improvement in knee extension at floor contact was approximately 15 degrees for each child. A possible explanation is that greater quadriceps femoris muscle force enabled this muscle group to counteract the hamstring muscles as they acted to decelerate the thigh in later swing. The resulting increase in knee extension elongated the stride, decreased the flexion angle in terminal swing, and improved positioning of the foot prior to floor contact. Kinematic results for fast walking showed no change in crouch at either point in the gait cycle. The most likely explanation for the different results at free and fast speeds can be deemed by looking at the individual responses to fast w a h g trials where positive and negative changes effectively cancel each other. For some children, the gait pattern deteriorates or moves further from normal kinematic patterns when the children are challenged by being asked to walk faster, whereas other children more closely approximate normal when they walk faster.
Although mean changes in maximum extension were not found, the fact that several children developed knee hyPhysical Therapy /Volume 75, Number 8 /August 1995
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perextension in mid-stance may be of clinical importance. Knee hyperextension is also a potential complication of surgical hamstring muscle lengthenings, and because this procedure shifts the knee motion curve to a more extended position throughout the cycle, perhaps quadriceps femoris muscle strengthening alone may be contraindicated in those children without limitations in knee extension during mid-stance. Recent evidence of proportionately greater weakness in the hamstring muscles than in the quadriceps femoris muscles in children with CP4' suggests that perhaps these muscles should be strengthened at the same time.
The changing interrelationship between stride length and cadence after the training program was particularly interesting. Because both stride length and cadence are linearly related to speed in children without CP, both variables would be expected to increase concurrently. After the strengthening program, the increase in speed from the pretraining fast-speed condition to the posttraining fast-speed condition was accomplished by an increase in stride length, with a relative decrease in cadence, even though the speed at the postuaining time was slightly higher. Typically, children with spastic diplegia have restricted stride lengths as well as diminished ability to alter their stride length to maintain or increase their speed,42 so they overcompensate by increasing their cadence. Increased force enables them to take longer strides, so they can begin to relax their exaggerated cadence.
Although mean force gains of more than 50% over initial values were produced, a similarly large improvement in gait was not o b s e~e d in this study for all participants. For example, the mean decrease in crouch at the free speed was only 5 degrees. Possible explanations include the fact that the duration of the program was relatively short, targeted only one muscle group, and on completion all children did not attain normal force values. 41 Another potential explanation is that although quadriceps femoris muscle weakness is identified in these children, and may more severely limit some of their other motor capabilities such as rising from a chair or stair climbing, less force may be required to ambulate on level surfaces. Yet another possibility is that more stringent patient selection criteria might have produced more definitive results by identdymg only those children who demonstrated crouch as a result of hamstring muscle overactivity and limited flexibility in the absence of a fixed contracture. S~ssman3~ defined crouch gait as the lack of knee extension during stance regardless of foot position, but hip flexion contractures and excessive ankle dorsiflexion can exacerbate or initiate knee crouch. Therefore, eliminating those children with other factors that may cause crouch secondarily would have potentially strengthened our study.
Weakness, like spasticity, is a concurrent symptom of a CNS lesion and is not a primary cause of the motor dyshction seen in these children. Therefore, alleviating only one of the symptoms may have a minimal effect on motor function. In our study, children with the least motor involvement initially appeared to show the greatest degree of improvement in their gait patterns, whereas those with more obvious gait limitations generally improved very little in comparison. This result seemed counterintuitive at first, but a logical explanation may exist. We believe there are three basic prerequisites for normal movement: range of motion within normal limits, adequate force production, and normal motor control. If any one of these is deficient, the quality of the motor function is compromised. Perhaps the major problem in the children with minimal motor involvement was centrally mediated muscle imbalance that produced weakness secondarily, although they demonstrated fairly good selective motor control. Increasing force production of the quadriceps femoris muscles in these children appeared to produce spontaneous improvements in their gait. In the children with greater gait defects, although weakness was identified and could be improved, their lack of selective motor control may have interfered with their ability to utilize these muscles for functional activities. More effective remediation of the motor deficits seen in CP must address motor control problems as well as weakness and static contractures.
We measured multiple variables, and the possibility exists that some of the findings, particularly in the gait variables, might have occurred by chance. A MANOVA incorporating all of the gait variables was performed, and the variables that emerged as significant in the univariate ANOVAs and the MANOVAs on subgroups of variables also demonstrated very low probability values on these analyses, barely above the arbitrary cutoff level of PC.05. Given that the statistical analyses were performed on a small, variable sample, effects needed to be quite large to reach s i m c a n c e on multivariate analyses. Therefore, the chances of finding no difference when in reality a difference exists appeared more likely than uncovering nonexistent differences, which provided the rationale for the types of analyses reported here.
A complex multifaceted disorder such as CP most likely requires a multifaceted approach to rehabilitation. Factors that can be remedied need to be identified, and more effective strategies for producing positive functional outcomes must be developed. Our study focused on quadriceps femoris muscle weakness as one component of the motor dysfunction seen in children with CP, and utilizing a traditional orthopedic approach rarely recommended with this population demonstrated clinical improvement in strength and ambulatory ability. Although strengthening is an effective treatment option in CP, more evidence of functional improvements due to strengthening that have a significant impact on the quality of life of these children needs to be produced through the use of motion analysis or other objective outcome measures prior to widespread advocation of this approach in the clinic.
